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The oritiosl flow rate and zero entropy of helium supsrfluid

It is well known that the nunber of symmetrical eigenfunctions of an
ssssnbly of non-intersoting Bose~Sinstein systems with a distribution-in-
onergy specifisd by the set of numbers 2“33 ie

g 4 ,ﬂ, (ﬁj-»wj - 1) ()
b njl(\;J - 1)!
whers w4 is the degeneracy of the jth energy level., Assuming the sigen-~

funotions rspreesint equally probsble stetss, the assembly has entropy
g =.kino0 (2)
When the snergy levels sre ncn=dogenerats
vy=1 C =1 3 =0 (3)
the sntropy of every energy distribution ie identicslly zero.
Ordinarily one meximizes 1In C %o find the most probable distribution-
in-energy using either the Stirling approximetion to the fectorials, or the
Derwin-Fowler method of eteepest desoents, end derives ‘he familier exprese-

fon for the most probsble distridbution numbars:

ny wj/ie 3 i (&)
whers T .nd/u, sre determined by the total energy and rnumber, E, N. Cne then
substitutes this into Eq.(1), uses the 3tirling approximetion and derives the

entropy from E£q.(2), the result incidentaily being

N IR IO VLIS 'S ) 2 lnil -~ ol - Gj)ml (5
h)



If now one sets v, = 1 in thie result, it ie by no msens zsro, and is therefore
inoonsistent with Eq.(3). In fact, while the dietribution rumbers of Eq.{4)

ere true for unit weights ¥ 35 Eq.(5) is valid only when wj»l.

In prinoiple, for s Bose~Einstein gss in any ordinery container, wj is
indeed unity, eny degeneracy being accidental, end the conventional calculet-
ion of entropy 1o therefore striotly felssa. Ths conventionel csloulstion is
saved by the Heieenberg Uncerteinty Frinciple (1). The 1ife time T of eny
syeten in any one state is so short that the uncertsinty in energy is greater
then the spaoing A€ Vvetwern the non-degenerate levels, and the epeotrum is
offectively contimuioue. One cean then sccept a lsrge number of levele w(¢) in

@ emall energy renge d€ and essume w(€)d& D) 1. This validetes the usual

vslue of entropy in Eq.({5).

If under ocertesin circumstencee T becomes enomelouely long, this validity
breaks down: t is asuggmsted that this is what happens in hellum superfluid.
If the superfluid forms in globules (;._’_) of linear dimensions L cm. &8 & resuls
of ststistical fluctuations in populstion, the energy levels are specad accord-
ing to the Bose-Einsteln model of F.lLondon with irntervals roughly given by

ADE  ~ n2/BTaM2 (6)

On the relaxetion plcture of thermsl resietence in liquid helium II developed
by Meyer and Band in 1948 (3), the life-time of en stom in the superfluid stste

te coupled with the flovw rate of the superfluid by the relation



\N

Tul = 0.05 on’/eec st 27K (7
where u, is the speed of the superfluid flow. If now
AGT > n (8)
the snergy levels sre too widely epaced for the u.éertainty principle to
blur: ‘them togethar and pruoduce entropy. The entropy ie therefore identic-
ally zero if
Lu, < 107 en?/seo (9)
on squation obtsinsd by substituting Egs.(6) end (7) into (8) end using m*

equal approxinutely 4o  1.4% my, for the effsctive maes.

Previoue atempte to cohnect the eritical flow rate with the uncerteinty

principle have buven inepired by the observed faot thet
Lu, ~ h/mg, (10)

ar .quation that is rumericelly equivelent to Eq.{9). Fince L end u, ere
alwaye perpendicular to each other, the uncerteinty prinoiple does ncti spply
direotly in the form .. Z£3.{10). Instead we sre led by the present discuesion
to pteéure the filtering nut of normal fluid at the entrance to s slit of width
L as due to ite ability to eccept globules of superfluid et a speed not exceeding
u, glven by Eq.{9). If the slit were lerger, either normal fluid efitere ss such
or the globules are too large %o heve ziro entropy end there.ore remain normalj;
if the speed were greater, then the 1ife tim T° is shortenad by EZq.(7), end

the levele blur together to restore normsl sntropy. At lower speeds end smaller



dimensions, the energmy layels in the globules remain diatinct and their
entropy remains zero corresponding to the superfluid steate.

A theoraticel explenstion of the relation (7), which is essential to
the shove ressoning, hes bsen suggestsd before in terms of thermodynamics

end three independent state verisbles for non equilibrium states.(’)
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